This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

i 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



„ 2 ,UK Patent Application,,,^ <„, 2 098 865 A 



(21) Application No 8209940 

(22) Date of filing 
2 Apr 1982 

(30) Priority data 

(31) 2327/81 
2631/81 
3278/81 

(32) 6 Apr 1981 
22 Apr 1981 
20 May 1981 

(33) Switzerland (CH) 
(43) Application published 

1 Dec 1982 

(51) INT CL 3 A61K 9/10 

(52) Domestic classification 
A5B 822 826 M 

(56) Documents cited 

GB A 2008946 

GB A 2062465 

GB 1595873 

PCT 81/00206 

Acta Pharm Tech 1980 

26(4) pp 273-275 
(58) Field of search 



(54) Topical pharmaceutical com- 
positions 

(57) A skin penetration pharmaceuti- 
cal composition incorporating a di- 
fficultly skin-penetrable pharmacolo- 
gically active agent, wherein the 
composition is in the form of a 
microemulsion formed from skin 
compatible excipients. 



PATENTS ACT 1977 
SPECIFICATION NO 2098865A 
The following corrections were allowed under Section 1 17 on 13 January 1984: 

Front page, Heading (72), Inventor below Joachim Franz insert Jochen Ziegenmeyer 



THE PATENT OFFICE 
10 February 1983 



Bas 255469/4 



O 
U3 

to 

O 
CD 
00 



00 
CD 



UK Patent Application „ 91 GB „„ 2 098 865 A 



(21) Application No 8209940 

(22) Date of filing 
2 Apr 1982 

(30) Priority data 

(31) 2327/81 
2631/81 
3278/81 

(32) 6 Apr 1981 
22 Apr 1981 
20 May 1981 

(33) Switzerland (CH) 
(43) Application published 

1 Dec 1982 

(51) INT CL 3 A61K 9/10 

(52) Domestic classification 
A5B 822 826 M 

(56) Documents cited 

GB A 2008946 

GB A 2062465 

GB 1595873 

PCT 81/00206 

Acta PharmTech 1980 

26(4) pp 273-275 
(58) Field of search 

A5B 

(71) Applicant 
Sandoz Ltd 

35 Lichtstrasse 

CH-4002 

Basle 

Switzerland 

(72) Inventor 
Joachim Franz 

(74) Agents 

B A Yorke and Co 
98 The Centre 
Fettham 

Middlesex TW1 3 4EP 



(54) Topical pharmaceutical com- 
positions 

(57) A skin penetration pharmaceuti- 
cal composition incorporating a di- 
fficultly skin-penetrable pharmacolo- 
gically active agent, wherein the 
composition is in the form of a 
microemulsion formed from skin 
compatible excipients. 



Q 
00 

n: 

C 
cc 
oc 

oc 
a: 
ex 



1 



GB2098 865A 1 



SPECIFICATION 

Topical pharmac utical compositions 

5 This invention relates to topical pharmaceutical compositions, particularly those containing 5 
pharmacologically active agents which only difficultly penetrate the skin horny layer. 

The therapeutic efficiency of a topical pharmaceutical composition depends upon inter alia the 
availability of the pharmacologically active agent for absorption and the skin-penetrability of the 
active agent. Before any topically applied pharmacologically active agent can act at .te site of 

1 0 action whether in the deeper dermal layers below the horny layer or elsewhere in the body it 10 
must penSe the barrier of the horny layer of the skin (stratum corneum). The penetration of 
the stratum corneum is the rate-limiting step of the total percutaneous process and is 
accompanied by the creation of a reservoir of pharmacolog.cally active agent i.e. the deposition 
of pharmacologically active agent on and in the layer. In the rare case the P harma . c ° ,0 9J. c n a "y , 

1 5 active agent is normally liquid and penetrates the skin layer efficiently, e g, isosorb.de d.nitrate 1 5 
or glyceryl trinitrate. Otherwise various methods must be employed to obta.n sufficient 
penetration of the pharmacologically active agent through the horny layer, especially for active 
agents which are generally administered in solid form. Often the pharmacolog.cally act.ve agent 
is capable of penelrating the skin horny layer when applied to the sk.n m a conventional system 

20 such as a triglyceride or paraffin ointment, but has a penetration flux of less than about 1 0 20 
Molcm-' hour-', e.g. 10"'° Mol cm" 2 hour"'. Such pharmacolog.cally active agents are 
hereinafter referred to as difficultly skin-penetrable pharmacologically act.ve agents. 

One method to increase the penetration rate is to dissolve the sk.n-penetrable pharmacologi- 
cally active agent in a non-toxic solvent which is skin compatible e.g. that does not cause sk.n 

25 irritation over an extended period of time as indicated in standard tests using human sk.n or 25 
more sensitive guineapig skin. The solutions may be applied in the form of MMmuhm .-e. 
opaque oil-in-water or water-in-oil systems formed from water and water .mm.sc.ble organic 
solvents in the presence of an emulsifier. «.«ki« 
Such systems suffer from disadvantages especially in the case of difficultly sk.n-penetrable ^ 

30 pharmacologically active agents. . 

We have now found that skin penetration pharmaceutical compositions wherein the compo- 
sition is in the form of a microemulsion have particularly advantageous propert.es .n respect of 
difficultly skin-penetrable pharmacologically active agents. 
A recent review on microemulsions is by M. Rosoff p. 405 in Progress in Surface and 
35 Membrane Science 12, 1978 Academic Press. A microemuls.on is generally recognised to be a JS 
cobureo or colourless (oil-in-water or water-in-oil) emulsion wherein the diameter o the particles 
or droplets are less than about 1 500 Angstrom units (150 nm) which is less than 1/4 of the 
wavelength of light. They do therefore not scatter visible light, the diameter of the particles or 
droplets arising from e.g. any micellar aggregate structure present being suff.c.ently small. The 
40 emulsion thus appears transparent when viewed by optical microscopic means. It may be 40 
isotropic or anisotropic. An anisotropic structure may however be observable using x-ray 
Techniques The particles in a microemulsion may be spherical but other structures are feasible, 

e.g. liquid crystals with lamellar, hexagonal or isotropic symmetries. « 

Usually microemulsions are produced from an emuls.f.er (a surfactant) and a co-emuls.f.er (i.e. 
45 a co-surfactant, polar additive, co-solubilizer) which lowers ; the interracial tension between the 45 
oil-in-water phases to a very small amount (typically less than 1 dyne/cm), microemulsions 
often form practically spontaneously and represent a single thermodynam.cally stable phase. In 
contrast, macroemulsions are thermodynamically unstable two phase systems, and in their 
formation energy supply in the form of heating or rapid agitation is required. 
50 Microemulsions are well known in other fields, e.g. cosmet.c preparat.ons, floor polishes, 50 
paints and foods. However, the formulation of microemulsions is to a certain extent largely 
empirical (see for example p. 34-56 in Microemulsions Theory and Practice, Ed. L. Prince, 
1 977) and up to now no skin penetration pharmaceutical composition for the systemic 
administration of a difficultly skin-penetrable pharmacologically active ageni t has been produced 
55 from skin compatible excipients. J. Ziegenmeyer and C. Fuhrer in Acta Pharmaceutic^ So 
Technologica 1 980, 26 (4) p. 273-275 have disclosed a microemulsion pharmaceutical 
compositPon containing 1% tetracyclin hydrochloride and decanol. However, the comp sit. on is 
not capable of producing a syst mic therapeutic effect as the tetracycline concentration in th 
pharmaceutical composition is. too low. More importantly decanol is not skin compatible For 
60 example in sensitive animal skin irritation tests, mod rate rritat.on of guinea , pig sk.n 60 
irritation of the rabbit skin has be n found, s e for example Industrial Hygiene and T°*'Cology 
Second R vis d Edition, Editor F. Patty. Vol. II. (1962). p. 1467. Int rscence : Publish rs John 
Wiley, New York and Lond n. In I ss sensitive tests using human skin exposed to .decanol v • r 
a 24 h ur period, significant irritation has been observed, s e— for example p. 753 W. Kastner, 
65 J Soc Cosmet. Chemists (1 974) 28. 741 -754. Additionally the specific hydrocarbon s Ivents 65 
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suggested are not appiicabl f r man. 

We have found that microemulsions may b made containing pharmacologically activ agents 
and skin compatible excipients which show particularly advantag ous penetration properti s 
producing a penetrati n flux sufficient t produc a therapeutic effect in the deeper dermal 
5 layers or through the systemic circulation as indicated in trials mentioned hereinafter. 5 

In one aspect the present invention provides a skin penetration pharmaceutical composition 
incorporating a skin-penetrable pharmacologically active agent, wherein the composition is in 
the form of an microemulsion formed from skin compatible excipients. 

In another aspect the present invention provides a method of enhancing the penetration of a 
10 skin-penetrable pharmacologically active agent through the skin which comprises applying the 10 
active agent to the skin in the form of a microemulsion consisting of skin compatible excipients. 

In a further aspect the present invention provides the use of a microemulsion consisting of 
skin compatible excipients to administer percutaneously a skin-penetrable pharmacologically 
active agent. 

1 5 In yet a further aspect the present invention provides a process for the production of a skin- 1 5 
penetrable pharmaceutical composition which comprises forming a microemulsion from water 
and a skin-penetrable pharmacologically active agent and skin compatible excipients capable of 
functioning as a water-immiscible organic solvent, an emulsifier, and a co-emulsifier. 
The microemulsions may be produced in conventional manner for the preparation of topical 
20 pharmaceutical compositions. The skin compatible pharmacologically active agent, water- 20 
immiscible organic solvent, water, emulsifier and co-emulsifier may be mixed, conveniently at a 
maximum of 100*C, e.g. from about 60° to about 95'C and the mixture is cooled. It is not 
important that a microemulsion be formed above 32*C. 

If a microemulsion is formed above 32*C then the phase inversions should preferably be 
25 reversible. Indeed it is quite common that a milky macroemulsion may be formed at high 25 
temperatures which on cooling passes through one or more cloudy transitional phases 
alternately with microemulsion phases. 

Desirably a microemulsion is produced throughout the temperature range of from about 20°C 
to about 32 0 C, preferably from about 15*C to about 35"C. 
30 The water-immiscible organic solvent may be for example a hydrocarbon or lipophilic ester. 30 
An emulsifier is present to form an oil-in-water or water-in-oil emulsion wherein the oil is the 
water-immiscible organic solvent. The co-emulsifier contributes to the formation and the stability 
of the microemulsion. 

The chemical structure or chainlength of the co-emulsifier is a governing factor in controlling 

35 the size of the droplets or particles in the emulsions and should match the structure or 35 
chainlength of the hydrocarbon part of the emulsifier. The co-emulsifier should be compatible 
with the water-immiscible organic solvent forming the lipophilic phase. The organic solvent 
emulsifier and co-emulsifier should also be compatible with the pharmacologically active agent. 
Naturally it is possible that the same excipient acts as a water-immiscible organic solvent and 

40 simultaneously as a co-emulsifier. Conveniently different excipients are used as organic solvent 40 
and co-emulsifier, however. The microemulsions may be colourless or coloured, e.g. yellow. 

A suitable combination of an emulsifier with a co-emulsifier may be, for example, a water- 
soluble non-ionic emulsifier and a fatty alcohol of a suitable chain length. Another suitable 
combination may be a mixture of water-soluble and water-insoluble non-ionic tensides. Conveni- 

45 ently at least two of the water-immiscible organic solvent, co-emulsifier and emulsifier has a 45 
chain length moiety of 1 2 to 20 carbon atoms. 

For any particular skin compatible pharmacologically active agent, water-immiscible organic 
solvent, water, emulsifier, and co-emulsifier system the relative amount of excipients can be 
varied and full phase equilibria diagrams may be drawn. It is sometimes more convenient merely 

50 to obtain a microemulsion at any temperature, even above room temperature, from one set of 50 
excipients in order to show they are compatible and then vary the amounts slightly to produce a 
suitable microemulsion at room temperature. As a very rough guide the microemulsion may 
contain: — 

a) 0.01 to 1 5% of skin compatible skin-penetrable pharmacologically active agent, 
55 b) 5 to 30%, e.g. 10 to 30%, of skin compatible water-immiscible organic solvent, 55 

c) 10 to 30% of skin compatible emulsifier, 

d) 4 to 30% of skin compatible co-emulsifier, and 

e) 15 to 55% water. 

Where the same compound may act as, e.g. both water-immiscibl organic s Ivent and co- 
60 emulsifier, and in particular when anoth r co-emulsifier or organic s Ivent is omitted then a part 60 
f the concentrati n f the compound (together with any other water-immiscible s Ivent present) 
may be reckoned as water-immiscibl solv nt and a part (together with any other co-emulsifier 
pr sent) as co- mulsifier. Where the same excipient acts as both water-immiscible organic 
solv nt and co-emulsifier and th r is no co-emulsifi r or organic solv nt present th n this 
65 excipi nt may b present from 9 to 60% of the composition. 65 



3 



GB2 098 865A 3 



10 



The microemulsions of the invention may be in the form of liquids or preferably in the form of 
gels, which are semi-viscous, containing I ss water. Some microgels may have appropriate 
viscoelastic properties to form swinging gels. ... - A u„ 

In respect of any of the excipients mentioned hereinafter any aliphatic carboxylic acid may be 
5 straight-chain or branched and saturated or unsaturated, preferably with one or two double 
bonds. Any aliphatic alcohol is a univalent alcohol unless otherw.se mentioned, and is preferably 
a secondary or especially a primary alcohol. They are branched or preferab 'y^a.^hain and 
are unsaturated with preferably one or two double bonds or especially saturated Any glyceryl 
ether or ester is primarily etherified or esterified at one or both of the terminal glyceryl hydroxy 

10 groups. . 

Suitable skin compatible excipients may be the following: — ...... 

1) an ester of an aliphatic (C,., 8 ) alcohol with an aliphatic (C 10 .„) carboxylic acid or 

2) a hydrocarbon having a straight carbon (C, 2 _ 32 ) chain substituted by from 6 to 16 methyl- 
groups and having up to 6 double bonds, 

1 5 may be suitable water-immiscible organic solvents. 

Examples of class 1) include isopropyl laurate. hexyl laurate and decyl laurate, isopropyl 
mvristate and lauryl myristate. . 
Particularly suitable examples are isopropyl laurate, hexyl laurate and isopropyl myristate, 

20 ^ExamX^oTclas^ ^'include terpenes such as polymethylbutanes and polymethylbutenes, e.g. 20 
2 6 10 15 19 23-hexamethyl-2,6, 10, 14,1 8,22 tetracosahexaene, also known as squalene 
(CsoHso) and the perhydro analogue, squalane. A particularly suitable example is squalane. 
Skin compatible excipients chosen from ■• -a 

3) a mono-ester of ethylene glycol or propylene glycol with an aliphatic (C 6 _ 22 ) carboxylic acid. 



Any skin compatible excipients chosen from ... , . . . „,,„„„, 
6) an ester of a poly(2-7)ethylene glycol glycerol ether having at least one free hydroxyl group 



25 



25 4) an ester of an aliphatic (C 12 _ 22 ) alcohol with lactic acid, or 

5) a mono-or diester of glycerol with an aliphatic (C 6 . 22 ) carboxylic acid, 
mav be suitable for use as water-immiscible organic solvents and/or co-emulsifiers. 
When a excipient of any of classes 3). 4) or 5) is present as an organic solvent, then the same 

or different excipient may be present as a co-emulsifier. 

30 Examples of class 3) include propylene glycol mono-laurate and propylene glycol monomyris- 3U 
tate and preferably propylene glycol monolaurate. An example of class 4) is mynstyl or 
preferably lauryl lactate. An example of class 5) is glyceryl caprylate 



35 



40 



35 and an aliphatic (C„_ 22 ) carboxylic acid, 

may be suitable for use as water-immiscible solvents or co-emulsitiers. 

Some of this class may be water-miscible when for example the polyethylene glycol moiety 
has a higher molecular weight, and so will not be suitable as organic solvents, but they may be 
suitable co-emulsifiers. An example is poly(7)ethylene glycol glyceryl cocoate. 
40 If the excipient is a transesterification product of a vegetable oi triglyceride and a Polyethyl- 
ene glycol of molecular weight 200 to 400, e.g. as described in USP 3,288,824, the contents 
of which are hereby incorporated by reference, then the products may be water-immiscible and 
suitable for use as an water-immiscible organic solvent. 
Skin compatible excipient chosen from 
45 7) aliphatic (C,, „) alcohol, or . . ,. . .• 

8) an ester of having at least one hydroxyl group of a poly-(2-1 0)-glycerol with an aliphatic 

(C 6 . 22 ) carboxylic acid, 

may be also suitable co-emulsifiers. u i »„h o 

Examples of class 7) include dodecanol, tetradecanol, oleylalcohol, 2-hexyldecanol, and 2- 
50 octyl-decanol. Particularly suitable examples include tetradecanol and especially dodecanol. &U 
Preferably the alcohol is liquid at 32*C. 

Skin compatible excipients chosen from .... UID , 

9) a mono-ether of a poly-ethylene-glycol with an aliphatic (C, 2 _, 8 ) alcohol, having an HLB value 
of from 10 to 18. or 

55 1 0) an ester of an aliphatic (C„_ 22 ) carboxylic acid with 

a) a polyethylene glycol 

b) a saccharos 

c) a sorbitan r 

d) a poly- thylene glycol sorbitan ether, 

60 the ester having an HLB valu f from 1 0 to 1 8, may be suitable muls.fiers. bU 
Pref rably the emulsif.ers hav an HLB valu of from 1 2 to 1 5 (HLB values ar an indication 
of th hydrophilic-lipophilic balance in an emulsifier and have be n discussed extensively in the 
literature, s e for example Pharm.Act.Helv. (1969) 44. 9 and H.P.Fiedler, Lexicon der 
Hilfsstoff fur Pharmazie. Kosm tic und angrenzende Gebiete, 2nd Edition, 1 981, Ed.tio Cantor 

65 AG, BRD). 
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A preferred exampl of class 9) is commercially available polyoxyethylene-(10)-ol yl ether. 

Preferably the microemulsions are made up from xcipients from class 1) and 2) as water- 
immiscible organic solv nts; especially class 1); class 7) as co-emulsifier and class 9) as 
emulsifi r. 

5 The exact choice of organic solvent, emulsifier and co-emulsifier will depend on inter alia the 5 
pharmacologically active agent used. 

The pharmacologically active agent may be any compound which can, penetrate the skin 
horny layer, e.g. of molecular weight up to about 3,000, although higher molecular weight 
compounds may possibly be used. 

10 In general the molecular weight of the pharmacologically active agent is conveniently below 1 0 
1 000. Conveniently the active agent has a good hydrophilic/lipophilic balance. The molecule of 
the active agent for example may be conveniently structurally compact, may contain aromatic 
groups and conveniently does not contain many reactive groups such as hydroxyl groups. 
The microemulsions of the invention are capable of containing very high amounts of active 

1 5 agents, e.g. from 5% up to 1 5% or even up to 20% of the total weight. When a systemic 1 5 

action is desired, the pharmacologically active agent should be sufficiently active to be able to 
produce a systemic therapeutic effect when penetration the skin at rate of the order of 1 0" 8 
Mole cm" 2 hour -1 . When a local action in the deeper dermal layer is required, then a skin 
penetration flux of 10* fl Mole cm" 2 hour" 1 may be sufficient. Suitable agents may be for 

20 example those with an. e.g. oral, daily dose of about 0.1 to about 20 mg, preferably up to 1 20 
mg. 

The microemulsions of the invention may be indicated for the systemic administration of any 
active agent. They may be conveniently used for prophylactic agents and myotonolytics. The 
microemulsions of the invention may be indicated for the administration of pharmacologically 

25 active agents which act under the horny layer, e.g. anti-acne agents and anti-fungal agents. 25 
Examples of active agents include 
(E)-N-methyl-6,6-dimethyl-N-(naphthylmethyl)hept-2-en-4-inyl-1 -amine, proquazone, 
(E)-N-methyl-N-(1-naphthylmethyl)-3-phenyl-propen-2-yl-amine (hereinafter naftifin), 
4n[1-methyl-4-pipendylidene)-4H-benzo[4,5]cyclohepta-[1,2-b]thiophen-10(9H)-one (hereinafter 

30 ketotifen), 30 
4-(1 -methyl-4-piperidylidene)-9, 1 0-dihydro-4H-benzo-(4,5)-cyclohepta(1 ,2-b)-thiophene (herei- 
nafter pizotifen), griseofulvin, fluocinolone acetonide, Triamcinolone acetonide, and 1 4-0-[5-(2- 
amino-1,3,4-triazol-yl)thioacetyl]-dihydro-mutiline, and preferably 

( + )-1-methyl-2-[2-(a-methyl-p-chlorodiphenyl-methoxy)-ethyI]-pyrrolidine (hereinafter clemastine) 
35 and especially 5-chloro-4-(2-imidazolin-2-ylamino)-2, 1 ,3-benzothiadiazole (hereinafter tizanidine). 35 
In respect of clemastine a microemulsion preferably contains any of the following concentra- 
tions: — 

5 to 1 5% of clemastine. 

5 to 30% of an water-immiscible organic solvent. 
40 1 5 to 25% of an emulsifier. 40 
5 to 25% of a co-emulsifier. 
10 to 45% of water. 

More preferably a microemulsion contains any of the following concentrations: — 
7.5 to 1 2.5% of clemastine. 
45 7.5 to 28.5% of water-immiscible organic solvent. 45 
1 9.5 to 22% of an emulsifier. 
7.5 to 22.5% of a co-emulsifier. 
1 3 to 42% of water 

More especially a clemastine microemulsion contains any of the following concentrations: — 
50 8 to 1 2% of clemastine. w 50 

8 to 27% of water-immiscible organic solvent. 
20 to 21% of an emulsifier. 
8 to 21 % of a co-emulsifier. 
1 5 to 40% of water. 

55 The excipients are preferably chosen from class (1) as defined above, as organic solvent. 55 
The excipients of class (3) as defined above may be present as organic solvent or co- 
emulsifier. especially propylene glycol mono-laurate. The co-emulsifier alternatively is an 
excipient of class (6) as defined above especially poly(7)ethylene glycol glyceryl cocoate, or 
propylene glycol myristate. The preferr d emulsifi r is chosen fr m class (9) as defined ab ve, 
60 especially polyoxyethylene (10) oleyl eth r e.g. having an HLB valu f about 12 to 13. 60 
With clemastine microgels containing high concentrations of cl mastine can be produced 
whereas it is very difficult to pr duce stable macroemulsions containing such high clemastin 
con cent rati ns. 

In th resp ct of tizanidin a microemulsion preferably contains any of the following 
65 concentrations: — 65 
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6 to 10% of tizanidine. 

1 5 to 25% of water-immiscible organic solvent. 
1 5 to 25% f an mulsifier. 

5 to 1 0% of a co-emulsifier. g 
5 30 to 35% of water. 

Preferably the microemulsion contains any of the following concentrations: — 
7.5 to 8.5% of tizanidine. 

19.5 to 21.5% of water-immiscible organic solvent. 

1 9 to 22% of an emulsifier. 1 Q 
10 5.5 to 21.5% of a co-emulsifier. 

32 to 42% of water. 

More particularly the microemulsion contains any of the following concentrations: — 
8 to 8.4% of tizanidine. 

20 to 2 1 % of water-immiscible organic solvent. 
15 20 to 21 % of an emulsifier. 

6.2 to 8.4% of a co-emulsifier. 

33 to 42% of water. ... , _ 
Naturally the choice of water-immiscible organic solvent, emulsifier and co-emulsifier tor a 

microemulsion system will vary from pharmacologically active agent to pharmacologically active 
agent and in some cases a particular excipient may be suitable in one system as e.g. an water- 
immiscible organic solvent and in another system as an e.g. co-emulsifier. 

The pH of the pharmaceutical composition may be adjusted to a skin compatible pH with 
appropriate acids or bases, preferably weak acids or bases e.g. lactic or acetic acid It is 
preferred that the pharmacologically active agent is at least partially present in free form, e.g. 
25 free base form as the skin penetration may be increased. Conveniently the pH of the ^ 
microemulsions are weakly acidic. . 

Other skin compatible agents may be present, e.g. water-miscible solvents such as propylene 
glycol and ethanol and isopropanol, or water soluble film-forming agents used in jWMtt 
preparations, e.g. partially hydrolysed collagen yielding medium-weight polypeptides, to dimin- 
30 ish solvent evaporation after rubbing on the skin. .... 
Naturally the microemulsion should be composed of components that are skin compatible^ 
The components should be non-toxic, non-allergic and well-tolerated by the skin tissue. Such 
components can be chosen by standard acute and chronic tests. 
The tests may be effected on human skin or with more sensitive animal skin, e.g. guinea-pig 

35 Sl< The microemulsions of the invention are indicated for use in the percutaneous administration 
of pharmacologically active agents because of the skin penetration enhancing effects, and the 
capacity of the microemulsions to contain large amounts of pharmacologically active agents. 
The skin-penetration enhancing effect may be observed in standard in vitro and in vivo tests 

40 for example using human skin. 

One in vitro test is the well-known diffusion test which may be effected according to the 
principles described by H. Schaeffer et al in Adv.Pharmacol Jher.[Proc.7th nt.Cong^Pharmacol.] 
9 223-235 (1978) ed by Y. Cohen, Pergamon, Oxford (1979); H. Schaeffer et al pp. 80-94 
in Current Problems in Dermatology 7, Ed. G.A. Simon et al., Karger, Basel (1 978); and J.M. 

45 Franz et al. Arch. Dermatol. Res (1981). 271:275-282, using isolated human skin. 45 
Microemulsions with the pharmacologically active agent in radio-active labelled form are 
applied to isolated pieces of unbroken human abdominal skin of about 2 square centimetres in 
area, at an amount of about 5 to about 10 mg of microemulsion per square centimetres. The 
skin is maintained at 32'C as a barrier between an upper chamber and physiological saline 

50 placed in a lower chamber. After 1 00.300 and 1000 minutes at 32 C the skin is fixed on a 50 
stopper. The residue is removed from the skin surface by a cotton swab and the radioactivity 
measued. The horny layer is removed by stripping and the radioactivity is determined in each 
individual stripping. The remaining skin is congealed and sliced into sections of about 20-40 n 
with a microtome. The radioactivity in the various slices is determined. The radioactivity in 

55 aqueous saline in contact with the underside of the skin is also measured. »t> 
Since the penetration of the pharmacologically active agent through the horny layer represents 
in general the rate limiting step, th amount of pharmacologically active agent that has pass d 
the horny layer is relevant to the syst mic activity. This fraction of pharmacologically act.v 
agent contained in the differ nt dermal layers, i.e. epidermis, upper cor.um (ca 800 ™crons 

60 thick), lower corium (ca 1 000 microns thick) and sub-cutis (ca 1 500 microns thick), w u d in 60 
vivo be remov d by the capillary system into th blood stream and henc into the general 

"^convenience the fraction of the pharmacologically active agent that has p netrated the 
h rny lay r after 1 6 hours and is present in the deeper dermal layers is measured to give a 
65 mean percutaneous penetration flux (F) on the basis of a number of trials (n) as well as a 65 
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percutaneous resorption quota in % of th appli d dose (RQ). 
Results obtained are as follows: — 



25 
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Example* No 


F(0-16 hours)X 10 8 
Mol cm -2 hour -1 


n 


RQ(%) 


5 




1 
i 


O R -4- n K 

^.o x u.o 


Q 
O 


At 






3 


1.4 ±0.3 


20 


14% 




10 


4 


ca 1.6 


4 


13% 


10 




5 


ca 2.6 


4 


21% 






13 


1.3 ±0.01 


12 


12% 






14 


1.7±0.7 


8 


12% 






17 


ca 1.2 


4 


15% 




15 


18 


ca 1.7 


4 


25% 


15 




20 


ca 1.3 


4 


12% 




25 


1.6 ±0.6 


8 


13% 




20 


The example: 


> are listed hereinafter. 






20 



In vivo trials may be effected, e.g. including a comparative oral and percutaneous administra- 
tion of the pharmacologically active agent in a cross-over study in a healthy subject. 

In one study 480 mg of a microemulsion in the form of a gel as described in Example 1 
containing 40 mg of active agent, tizanidine, was applied behind the ear, or a tablet containing 
4 mg tizanidine, was administered orally. 

The urine was collected over 72 hours and the amount of unchanged active agent and 
corresponding two metabolites were measured separately. 

The results obtained were as follows: — 



25 



30 



35 



40 



45 



50 





unchanged drug after 


unchanged drug after 


Period after 


oral administration 


percutaneous admini- 


administration 


rjtg/hr] 


stration fjtg/hr] 


0-2 


3.08 


0.03 


2-4 


1.61 


1.01 


4-6 


0.53 


1.81 


6-8 


0.24 


1.33 


8-12 


0.04 


3.36 


12-24 




4.16 


24-36 




2.54 


36-48 




1.57 


48-60 




1.10 


60-72 




1.07 


Cumulative % 






absorption 


oral 


percutaneous 


of tizanidine 


0.28% 


0.37% 


of Metabolite A 


2.5 % 


0.4 % 


of Metabolite B 


1.1 % 


0.16% 



30 



35 



40 



45 



50 



The above results confirm the significant percutaneous absorption obtained in the in vitro 
tests, and indicate a sustained-release effect. Additionally the relatively lower amount of 
55 metabolite found indicates a significantly lower first pass effect. 55 
100 mg of the clemastine composition of Example 3 (containing 10 mg clemastine) is applied 
behind the ear of 2 or 3 subjects (age 1 8 to 38 years) corresponding to an amount of active 
agent of 1 0 mg f clemastine. 
The amount of active agent in the urine is determined acc rding to th principles of 
60 RTham.Arzn im.Forsch. (1 978) 28 (1), 1017. 60 
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10 



15 



Period after 


active ag nt in 


Qi iKiontQ 
OUUJoUlo 


administration 


urine l/ig/nrj 


hours 






0-6 




3 


6-8 


0.486 ±0.164 


3 


8-12 


0.890 ±0.384 


3 


12-24 


1.042 ±0.621 


3 


24-36 


1.101 ±0.422 


3 


36-48 


1.469 ±0.455 


3 


48-60 


0.504 ±0.211 


2 


60-72 


0.231 ±0.05 


2 



10 



15 



% Cumulative elimination of unchanged drug 0.664 ±0.1 83 _ % . . 

In comparison 2 mg of clemastine given orally over 72 hours yield 7.10% ± 0.46% of the 

unchanaed drua in the urine. .... on 

20 The results show an excellent effect with the maximum concentration in the urine occurring 20 
36 hours after administration and a resorption quota of about 10% of the clemastme topically 

ad As^ndicat d ed by the above results the microemulsions of the present invention may produce 
systemic action of the pharmacologically active agent. In p^ular we have surpnsmgly found 
25 that topical administration of tizanidine is feasible. 

The present invention according provides a topical pharmaceutical composition containing 
tizanidine as active agent. In another aspect the present invention provides a method of topically 
administering tizanidine to a subject in need of such treatment. 
The penetration rate observed may thus be at least in the order of 1 to 3 X 1 0 Mole cm 
30 hour ! ' to produce a systemic action and in the order of about 1 X 1 0"» Mole cm" hour to 30 
produce local action in the deeper dermal layers and the concentration of pharmacologically 
active agent in the microemulsion may be chosen accordingly. 

The amount of pharmacologically active agent to be administered in the microemulsions of the 
present invention will depend inter alia on the penetration rate of the pharmacologically active 
35 agent observed in the in vitro or in vivo tests, the potency of the active agent, the size of the 35 
skin area treated with the microemulsion, the part of the body treated and the duration of action 
required. In general a suitable daily dose is about from 5 to 20 times the dose effective in oral 
administration, and the dose may be increased if longer duration than 1 day is required. 
In general a suitable application area is from about 1 to about 40 square centimeters. The 
40 microemulsions of the invention may be applied in conventional manner. 

In the case of liquid preparations, the microemulsion can be applied for example from a 
plexiglass container in contact with e.g. the upper arm, or from a plaster soaked with the 
microemulsion placed e.g. behind the ear. In the case of semi-solid microgels these may be 

rubbed in the skin. . . _ . r- n AK 

45 For example in the case of tizanidine and clemastine a suitable single dose is from 1 0 to 50 45 
mq and this may last for up to 3 days. The microemulsions of the invention may be used for 
the same indication that other forms of the pharmaceutical^ active agents are used for, e.g. 
clemastine as an anti-histamine agent, and tizanidine as myotonolytic, ant.-depressant or minor 

50 'The" mTcroemulsions of the invention may enhance the penetration of the pharmacologically 50 
active agent which is accumulated in the horny layer of the epidermis. A depot effect may then 
result whereupon the pharmacologically active agent slowly passes into the systemic circulation 
without inactivation by the liver resulting in a longlasting concentration of active agent in the 
blood (retard effect). The blood concentration achieved by percutaneous delivery may be 

55 characterized by the absence of an initial drug concentration blood peak in contrast to oral 55 
administration/Side effects may be minimized. Additionally the accumulated pharmacological y 
active agent in th horny layer may provide a local eff ct if the pharmacologically act.ve agent is 

'° The mk'roemulsions of th inv ntion may in general poss ss significant other advantages ver 
60 macroemulsions. For exampl they may in general be thermodynam.cally stable, and show little 60 
r n coal seen . In general the microemulsions of the invention have good spreading 
properties n the skin surface. They don't in general stick t the surfac f the skin but may be 
easily rubbed in. They may leave little gr asy feeling behind and may be washed ff with water 
if desired. Th skin may not be significantly dehydrated as th single water-conta.n.ng phase 
65 may be easily available to the skin. 



65 
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The following Examples illustrate the invention: — 
Polyoxyethylene-(10)-oleyl ether is f r example eith r BRIJ 97 having an HLB value of 12.4 
availabl from Atlas, Essen, W. G rmany, 

or VOLPO 10 having an HLB valu of 12.4 available from Cr da, Humb rside r UK. 
5 Polyethylene glycol glycerol fatty acid ester is for example brand Labrafil M 1944 S available 5 
from Gatte-fosse, Boulogne, France. 

Hexyllaurate is for example brand CETIOL A, available from Henkel, Dusseldorf. 
PolyethyIeneglycol-(7)-glyceryl cocoate is for example brand CETIOL HE available from Henkel. 
Lactic acid is a 90% pure aqueous solution Colladerm 350 is a zinc salt of highly purified 
10 collagen-derived cosmetic medium molecular weight polypeptide available from Stepan Chemical 10 
Company, Northfield, III, USA. 

Lauryl lactate is for example brand Ceraphyl 31, and myristyl lactate is for example brand 
Ceraphyl 50 from Van Dyk, Belleville, N.J., USA. 
Further details on these products can be obtained from Fiedler H.P. Lexikon der Hilfsstoffe fur 
15 Pharmazie, Kosmetik und angrenzende Chemie, 2nd Edition, Editor Cantor, the contents of 15 
which are hereby incorporated by reference, or their suppliers. 

EXAMPLE ONE: Tizanidine microget 
500 g of a mixture having the following compo- 
20 sition: — 20 



Per cent 



Tizanidine 8.2 

25 Isopropyl laurate 20.5 25 
Polyoxyethylene (1 0) 

oleyl ether 20.5 (Brij 97) 

Dodecanol 6.5 

Water 41 .0 

30 Lactic acid 3.3 30 



are made and warmed by a water bath at about 90°C. The mixture is allowed to cool to room 
temperature by cooling the water 1 °C per minute 
35 As the mixture is cooled various different phases are observed as follows: — 35 



Phase 


Temperature 


40 Milky macro-emulsion 


92-72T 


Transitional light cloudy 


72-70X 


phase 




Microemulsion transpa- 




rent phase 


70-66 X 


45 Transitional light cloudy 


66-63X 


phase 




Microemulsion transparent 




phase 


63-51 X 


Transitional light cloudy 




50 phase 


51-46X 


Microemulsion transparent 




phase 


46 * — room temperature 



45 



The cooled gel is filled into metal tubes. 
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'Table of pharmacologically active agents 

1 . (E)-N-m thyl-N-(1-naphthylmethyl)-3-phenyl-prop n-2-ylamine. 

2. ( + )-1-methyl-2-[2-(a-methyl-p-chlorodiphenyI-methoxy)-ethyl>pyrrolidin . 

3. 5-chloro-4-(2-imidazolin-2-ylamino)-2, 1 , 3-benzothia-diazole. 

5 4. 4-(1-methy|.4-piperidylidene)-4H-benzo[4,5]cyclohepta[1 ,2-b]thiophen-1 0(9H)-one. 5 

5. 4-(1-methyl-4-piperidylidene)-9, 1 0-dihydro-4H-benzo-(4,5)-cyclohepta-(1 ,2-b)-thiophene. 

6. Griseofulvin. 

7. Fluocinolone acetonide. 

8. Triamcinolone acetonide. 

10 9. 14-0-[5-(2-amino-1,3,4-triazolyl)thioacetyl]-dihydro-mutiline, also known as 1 4-[5-amino-4H- 1U 
1 ,2,4-triazol-3-yl)-thio-acetoxy]-1 4-deoxy-1 9,20-dihydromutilin. 

"Table of commercial products 
A BRIJ 97 HLB value 12.4 (ATLAS) 
1 5 B VOLPO 1 0 HLB value 1 2.4 (CRODA) 1 5 

C CETIOL HE (HENKEL) 
D LAFABRIL 19445 (GATTEFOSSE) 

Colladerm 350: A solution of a Zn salt of a highly purified cosmetic polypeptide of collagen 
(STEPHAN CHEMICAL COMPANY). 
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CLAIMS 

I . A skin penetration pharmaceutical composition incorporating a skin-penetrable pharmacol- 
ogically active agent, wherein the composition is in the form of a microemulsion formed from 
skin compatible excipients. 

25 2. A composition as claimed in claim 1 wherein the composition is in the form of a " 
microgel. 

3. A composition as claimed in claim 1 or 2 wherein the active agent is a difficultly skin- 
penetrable active agent. 

4. A composition as claimed in claim 3 comprising from 5 to 30% by weight of a water- 

30 immiscible skin compatible solvent 30 

5. A composition as claimed in any preceeding claim containing from 4 to 30% by weight 
of a skin compatible emulsifier. 

6. A composition as claimed in any preceeding claim comprising 10 to 30% by weight of a 
skin compatible co-emulsifier. 

35 7. A composition as claimed in any preceding claim comprising 1 5 to 55% by weight of oo 
water. 

8. A composition as claimed in any preceeding claim containing 0.01 to 1 5% by weight of 
skin-penetrable pharmacologically active agent. 

9. A composition as claimed in claim 8 containing from 5 to 1 5% by weight of skin- 

40 penetrable pharmacologically active agent. 40 

10. A composition as claimed in any preceeding claim containing a skin compatible ester of 
an aliphatic (C 3 . 1fl ) alcohol with an aliphatic (C 10 _ 22 ) carboxylic acid. 

II. A composition as claimed in claim 10 wherein the ester is chosen from isopropyl 
laurate, hexyl laurate, decyl laurate, isopropyl myristate and lauryl myristate. 

45 1 2. A composition as claimed in claim 1 0 wherein the ester is isopropyl laurate, hexyl 45 
laurate or isopropyl myristate. 

13. A composition as claimed in claim 10 wherein the ester is hexyl laurate. 

14. A composition as claimed in any preceding claim containing a skin compatible 
hydrocarbon having a straight carbon (C t2 _ 32 ) chain substituted by from 6 to 1 6 methyl groups 

50 and having up to 6 double bonds. 50 

15. A composition as claimed in claim 14 containing squalane. 

16. A composition as claimed in any preceeding claim containing a skin compatible mono- 
ester of ethylene glycol or propylene glycol with an aliphatic (C 6 _ 22 ) carboxylic acid. 

1 7. A composition as claimed in claim 1 6 wherein the ester is propylene glycol monolaurate 

55 or propylene glycol monomyristate. 55 

18. A composition as claimed in any prece ding claim wh r in the ester is a skin compatible 
ester f an aliphatic (C 12 . 22 ) alcohol with lactic acid. 

19. A composition as claim d in claim 18 wherein the ester is myristyl lactate or lauryl 

lactat . Rn 
60 20. A c mp sition as claimed in any prec ding claim containing a skin compatible aliphatic oU 

(C12-22) alcohol. 

21. A composition as claimed in claim 20 wherein the ale hoi is d d can I, t tradecanol, 
oleyl alcoh I, 2-hexyldecanol r 2-octyldecanol. 

22. A comp sition as claimed in claim 20 wherein the alcohol is dodecanol. 

65 23. A composition as claimed in any preceeding claim containing a skin compatible ester of 65 
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a poly(2-7)ethylene glycol glyc rol ther having at least one fre hydroxyl group and an 
aliphatic (C 6 . 22 ) carboxylic acid. 

24. A composition as claim d in claim 23 wherein the ester is p ly(7)ethylene glyc I 
glyceryl c coate. 

5 25. A composition as claimed in any preceeding claim containing a skin compatible mono or 5 
diester of glycerol with an aliphatic (C 6 _ 22 ) carboxylic acid. 

26. A composition as claimed in any preceeding claim containing a skin compatible ester 
having at least one hydroxyl group of a poly(2-1 0)glycerol with an aliphatic (C 6 _ 22 ) carboxylic 
acid. 

10 27. A composition as claimed in any preceeding claim containing a skin compatible mono- 10 
ether of a polyethylene-glycol with an aliphatic (C 12 .. 18 ) alcohol having an HLB value of from 10 
to 18. 

28. A composition as claimed in claim 27 wherein the mono ether is polyoxyethylene(1 0)o- 
leyl ether. 

1 5 29. A composition as claimed in any preceeding claim containing a skin compatible ester of 15 
an aliphatic (C B _ 22 ) carboxylic acid with 

a) a polyethylene glycol 

b) a saccharose 

c) a sorbitan or 

20 d) a polyethylene glycol sorbitan ether, 20 
the ester having an HLB value of from 10 to 18. 

30. A composition according to any preceeding claim containing as active agent (E)-N- 
methyl-6,6-dimethyl-N-(naphthylmethyl)hept-2-en-4-inyl-1 -amine, naftifin, ketotifen, pizotifen, 
griseofulvin, fluocinolone acetonidie. triamcinolone acetonide, 14-0-[5-(2-amino-1 ,3,4-triazoly.. 

25 thioacetyl]-dihydro-mutiline, or proquazone. 25 

31 . A composition according to any preceeding claim containing as active agent clemastine. 

32. A composition according to any preceeding claim containing as active agent tizanidine. 

33. A composition according to claim 30 containing 14-0-[5-{2-amino-1,3,4-triazolyl)thioa- 
cetyl]-dihydro-mutiline. 

30 34. A composition according to claim 31 or 33 containing hexyl laurate, poly(7)ethylene 30 
glycol glyceryl cocoate and polyoxyethylene(10)oleyl ether. 

35. A composition according to claim 32 containing 6 to 10% of tizanidine, 
1 5 to 25% of water-immisicible organic solvent, 

1 5 to 25% of emulsifier, 

35 5 to 10% of co-emulsifier, and 35 
30 to 35% of water. 

36. A composition according to claim 35 containing isopropyl laurate, polyoxyethylene(lo)o- 
leyl ether and dodecanol. 

37. A pharmaceutical composition in the form of a microemulsion, substantially as hereinbe- 

40 fore described with reference to any one of the Examples. 40 

38. A process for the production of a skin-penetrable pharmaceutical composition which 
comprises forming a microemulsion from water and a skin-penetrable pharmacologically active 
agent and skin compatible excipients capable of functioning as a water-immiscible organic 
solvent, an emulsifier and a co-emulsifier. 

45 39. A process according to claim 38 wherein the skin-penetrable pharmacologically active 45 

agent, water-immiscible organic solvent and emulsifier are heated to a maximum of 100*C to 

form an emulsion and then cooled to form a microemulsion. 

40. A process for the production of a composition as defined in claim 1 substantially as 

hereinbefore described with reference to the Examples. 
50 41. A pharmaceutical composition whenever produced by a process according to claim 38, 50 

39 or 40. 

42. A method of enhancing the penetration of a skin-penetrable pharmacologically active 
agent through the skin which comprises applying the active agent to the skin in the form of a 
microemulsion consisting of skin compatible excipients. 
55 43. A method according to claim 42 wherein the active agent is applied in the form of a 55 
microemulsion as defined in any one of claims 1 to 37. 

44. Use of a microemulsion consisting of skin compatible excipients t administer percutane- 
ously a skin-penetrable pharmacologically active agent. 

45. Us according to claim 44 wh r in the active agent is tizanidine. 

60 46. Us according to claim 44 wherein the active agent is clemastine. 60 
47. A microemulsi n c mprising an active agent chosen from (E>N-methy|-6,6-dimethyI-N- 
(naphthylmethyl)hept-2- n-4-inyl-1 -amine, naftifin, ketotifen, piz tif n, griseofulvin, fluocinolane 
ac tonide, triamcinolone acetonide, 1 4-0-[5-(2-amino-1 ,3,4-triazolyl)thioacetyl]-dihydro-mutiline, 
r proquazone. 

65 48. A microemulsion comprising clemastine r tizanidine. 65 
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49. A meth d of administering tizanidine by topical administration. 

50. A topical pharmaceutical composition comprising tizanidine. 

51. A semi-solid pharmaceutical composition comprising tizanidine. 



r 



